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“* Fundamental & Integral Theorems of Solid Angle 
1. Solid angle: “The three dimensional angle subtended by an object at a certain point 
in the space’. It is also known as Angle of View for 2-D & 3-D objects. 
It is usually denoted by ‘w’ (Omega). Its unit is Steradian (in brief ‘sr’). 


Mathematically, it is given by the following expression (Basic Definition) 


area of visible surface of the object 





= (distance (r)of any point on visible surface from the give l 


Where, distance ‘r’ from the given point (observer) to all the points net face of 
iS Zero. 


the object is constant. Solid angle subtended by a point & a straight lihe 


Although the distance ‘r’ from the given point to all the points o is rface is no more 

constant except in case of a spherical surface. But still the dist@nc& Kor 

constant for an infinitesimal small area ‘dA’ on the visible Ny 
h 


This concept derives the fundamental theorem which 
e given point in the space. 


gay be assumed to be 
he given object. 


egration of solid angle sub- 
tended by infinitesimal small area ‘dA’ on visible KS 
2. The solid angle subtended by an “ even point (observer) in the space is 
® 


given by Fundamental Theorem 
Ww 
d 
W = V(0<w<4n) 





Where, distance ‘r’ 1s co wl limit i.e. distance (r) from the given point is constant 
for all the points of infinit mall area ‘dA’ of visible surface of the object. 
3. The solid an a by a right circular cone with apex angle ‘2a’ at the apex 
point is Sivén\as 


w = 27(1 — cosa) 


If es the right cone is ‘H’ & radius of the base is ‘R’ then the apex angle ‘2a’ is 
related 


H 
ON — 
VH? + R? 
2n (1 -——___) 
Oo =— 210) 1 = 
VH?2 + R? 


4. The solid angle subtended by an object at a given point is given by ‘Integral 
Theorem’ (in form of spherical co-ordinates) 
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(2 
w= | 
f1 


Where, '0’ & ‘y’are the parameters (variables) depending on the 


02 
| sind ao| do V@0€[0,n7| & pE|-7z,T| 
6 


1 





a. Geometrical shape of the object & 
b. Orientation of shape w.r.t. to the given point (observer) in the space 


“* Solid Angle Subtended by Plane Figures 







5. 


»= [hae _ S 
° (f(htan)) + h*sec2¢ eS 


Where, ‘h’ is the normal height of the point from the p 


y = f(x) = f(htan@) # (x = constant) is the e 
plane in the first quadrant w.r.t. foot of perpendicular as 
® 


of boundary-curve of the given 
uming as the origin & 


‘p is variable & x = htang. A 
Note: Foot of perpendicular dra < point must lie within the boundary of plane & 


y = f(x) must be differential t of the curve in the first quadrant i.e. y = f(x) is 


the equation of single-bo O given plane.. 
Standard formulae: xS 
Standard formulae rémembered are following 


6. Thes mS btended by a right triangular plane with base ‘b’ & perpendicular 
‘p’ oint lying at a height ‘h’ on the vertical axis passing through the acute 
vertex common to the perpendicular ‘p’ & hypotenuse is given as 


eae en 


[b2 + p2 [b2 + p2 [h2 + p? 
If the vertical axis passes through the vertex common to the base ‘b’ & hypotenuse, the solid 


angle is given as 


w = sin“ |_| — sin’ (5) (——)| ee (2) 
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The above formulae are extremely useful which can be used to find out the solid angle 
subtended by any polygonal plane at any point in the space. (HCR’s Invention-2013) 


7. The solid angle subtended by a right triangular plane with orthogonal sides ‘a’ & 
‘b’ at any point lying at a height ‘h’ on the vertical axis passing through the right 
angled vertex is given as 

= —1 
a h2(a2 + b2) + ab? 


h(a2Vhe + BE + = 


8. The solid angle subtended by a rectangular plane with sides ‘l’ & ‘b’ 
lying at a height “h’ on the vertical axis passing through the centre is SS 


@W = 4 sin7! —=—=—=—=—= av 
J (U2 + 4h2)(b2 + mts 


9. The solid angle subtended by a rectangular plane xh 
lying at a height ‘h’ on vertical axis passing throu 
=) 





& ‘b’ at any point 
vertices is given as 








w = sin! ( 


10. The solid angle subtended by a square plan each side ‘a’ at any point lying at 
a height ‘h’ on the vertical axis passing through the centre is given as 


\ a2 + 4h? 
11. The solid angle subten uare plane with each side ‘a’ at any point lying at 
ale 


a height “h’ on the 


passing through one of the vertices is given as 


w = sin“! Er 
S az + h2 





TU 
Zhsin— 
w = 2m — 2nsin-1 | —————_”_ VnEN&nZ=3 


Ah? + a? cot? = 


13. The solid angle subtended by a circular plane with a radius ‘R’ at any point lying at a height 
‘h’ on the vertical axis passing through the centre is given as 


h 
w= 2n(1-—2_) 
vh2 + R? 
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14. The solid angle subtended by an infinitely long rectangular plane having width ‘b’ at any 
point lying at a height ‘h’ on the vertical axis passing through the centre is given as 


b 
w= 4sin1 (—* _) 
Vb2 + 4h2 


15. The solid angle subtended by an infinitely long rectangular plane having width ‘b’ at any 
point lying at a height ‘h’ on the vertical axis passing through the vertex is given as 


w = sin (2) 
oe. 


Vb? + h? 
Ferd the same 







16. Solid angle subtended by a triangular plane at any point lying o 
passing through any vertex is determined by drawing a perpendictla 


vertex to its opposite side i.e. by dividing the triangular plane @to two 
planes & using standard formula (from eq(1) or (2) above) «) 


b b 
w= sin} 2} — sin )t 
Vb? + p? b? + + p? 


t triangular 


17. The solid angle subtended by a regular p g ane with each side ‘a’ at any 
point lying at a normal height h from one of t ices 1S given as 
31 - hcos36° 
fer ane — 
10 Vh2 + a2cos?18° 
Vho->0>0>-> of vertex of regular pentagon) 





a rmal height h from one of the vertices is given as 


Va->0 ormh 3S w— 0 
® 
18. The soli ON by a regular hexagonal plane with each side ‘a’ at any 
"OS 
h hv3 h 
CRP stg) s(n) ) 


3 V4h2 + 3a? V4h2 + 3a? 2vVh2 + 3a? 
27 
Vho-0>0>-> oa (Angle of vertex of regular hexagon) 


Va-0O0orh-~w~roa-0 


19. The solid angle subtended by a regular heptagonal plane with each side ‘a’ at any 
point lying at a normal height h from one of the vertices is given as 
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| hcos (=) 


h* + a*sin? (=) 


a ara 
OW = 14 sin 







aes gil 
G + 4a*cos? (5) sin? (= 
—sin71 __heos(F) — sin- 
h* + a*sin* (=) 
Pe hcos (=) 






h?2 + men 
Vhao-0> a7 — (Angle ev regular heptagon) 


Va-0 or hoo a 


20. The solid angle (Qy: by a regular octagonal plane with each side ‘a’ at any 


point lying A ight h from one of the vertices is given as 
® h h 
In~? ( sin’ + 


w= ———————— ———— eee 
aa (2 + V2) (2h2 + a2(3 + 22) ) 


CR mere (“= —) ere h 
cd 2h? + a2(3 + 2V2) 

ee ee 

(4 + 2V2) (n2 + a2(3 + 22) ) 


— sin! 


310 
Vho-0>0>-> Te (Angle of vertex of regular octagon) 


Va-0O0orh-~w~roa-0 
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«* Approximate Analysis of Solid Angle 


21. Approximate value of the solid angle subtended by a symmetrical plane at any 
point in the space is given by ‘Approximation-theorem’ as follows 


= v (0<0<-) 
a 2 


mr? 
Where ‘A’ - is the area of the given symmetrical plane NS 
‘Q’ > is the angle between the normal to the plane & the line joining ON? to the 
centre of the plane & A 
‘r’ — is the distance of the given point from the centre of the rine) 


Limitations: 


This formula is applicable only for the planes a two conditions 


I.) The plane should have at least two axes of mia a point of symmetry & 








II.) The factor of circularity (F,) should be cl@se to the unity i.e. F, = 0.5 


If the above conditions are satisfied then or involved in the results obtained from 
Approximation-formula will be miainafim &\permissible. 
22. The solid angle subten af’ elliptical plane with major & minor axes ‘a’ & ‘b’ at 


any point lying at Cy sstance ‘r’ from the centre is given as 
XS 27} 1 : 
Of AT SS 
: OS ab 


Factor of gy of elliptical plane, 
CS . 
F.=¥i-e? |v <&<1) &e= [1-5 


23. The solid angle subtended by a circular plane with a radius ‘R’ at any point lying at a 
normal distance ‘r’ from the centre 1s given as 


Mr H.C. Rajpoot (B Tech, ME) @M.M.M. University of Technology, Gorakhpur-273010 (UP) India 


anced Geometry by Harish Chandra Rajpoot, ISBN-13: 978-9383808151 





(www.notionpress.com) 


Factor of circularity of circular plane, 
F.=1 


he sides 






24. The solid angle subtended by a regular polygonal plane with ‘n’ number o 
Iven 


each of length ‘a’ at any point lying at a normal distance ‘r’ from the AN: 
as 


1 

wo = 2a) 1 - von KON 

5 TU 
(“ rt S 
n 
TU eX 1 
F, = cos— |v neN n = 3 (5<F <1) 
®@ 


n 


Higher is the number of sides higher wit bejthe factor of circularity of a regular polygon. 


25. The solid angle subtende rectangular plane with sides ‘I’ & ‘b’ at any point 


4 


lying at a normal distan the centre is given as 


lb 
N tangular plane, 


Vb<l => (0< F< 0.707) 





b 
| 
Vb? + I 


Ox, solid angle subtended by a rhombus-like plane with diagonals ‘d, & ‘d,’ at any 
point lying at a normal distance ‘r’ from the centre 1s given as 





Factor of circularity of rhombus-like plane, 
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dy 


| Ay? & a 


27. The solid angle subtended by a circular plane at any point in the space 1s given as 


1 
(* =—_e=e 
w= 2m)1 —41 + | ——_xqme—c— 


Pe | v i, Sih = (0< F< 0.707) 


h?2 





The value of h? is found out from the auxiliary equation given as follows NS 


=> (A*+B*)h* + (2AC — B*k*)h* + C2 =0 ay. 
Where S 
Rcos@ 
3 


sao? _) 
(d* + R* — 2dRsiné)2 


1 1 
C = Rcos@ [(————_— i &k = V d* + R* — 2dRsiné 


d* + R2 — 2dRsin@ d+ R2+ nO 





28. The solid angle subtended by an elliptical pl@ne with major axis ‘a’, minor axis ‘b’ & 
eccentricity ‘e’, at a distance “d\ from the centre to a particular point from which it 
appears as a perfect circular plane 1Sygiven as 


; ( dcos@ ) 
= PAE — ——————— 
V1 —e2vVa* + d2 + 2adsin@ 





v(0<@<>&d>0) 


®@ 
Where, ‘0’ is eo normal to the plane & the line joining the particular point to 
ame. 


the centre of t 


Qr “* Solid Angle subtended by 3-D figures 


* Solid angle subtended by the Universe at any point in the space is 471 sr. 
Sphere: 


29. The solid angle subtended by a closed surface at any point completely inside its 
boundary isalways4u sr (VO0<w< 4m). 

30. The solid angle subtended at any point lying on the plane by a cap fully covering the 
plane is always 27 sr 

31. The solid angle subtended by a sphere with a radius ‘R’ at any point lying at a 
distance d from the centre is given as 
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R2 
w= 2nf1- Vd>R 


32. The solid angle subtended by a hemispherical shell with a radius ‘R’ at any internal 
point lying on the axis at a distance ‘x’ from the centre 1s given as 


w = 2n|1+ VO<x<R 


x 
NS te a 


33. The solid angle subtended by a hemispherical shell with a radius ‘R’ at any external 
point lying on the axis at a distance ‘x’ from the centre of AN, as 


w = 2n|1— 


x 
ete a Y 
34. The solid angle subtended by a hemispherical shell at a Pig g inside the 
Shell on the plane of circular opening, is always 270 sr a) 
35. The solid angle subtended by a hemispherical shell oy oint of the surface 


lying inside the shell, 1s always 3.4147 ~ 10.7 SS 1 espective of the radius. 


36. The solid angle subtended by a hemisphericaLshe the centre of mass is always 
2.8947 sr ~ 9.0931112 sr mm Ds. 


e Circular Cylinder: 
37. The solid angle subtended by the solid‘eylinder at any point lying on the longitudinal 
axis at a distance ‘x’ from the cé fgont-end is given as 


x 
See 
S\ | x? + R? 
38. The solid angle s i by a cylinder with radius ‘R’ & length ‘L’ at any point 
lying on the a axis at a distance °*x’ from the centre (neglecting the effect of 


curvature of CufC nds) is given as 


@ 


V[x=>R] 


Ne in! == | > 


CH id angle subtended by an infinitely long cylinder with a radius ‘R’ at any 
pomt 


lying on the transverse axis at a distance ‘x’ from the centre is given as 
R 
w = 4sin (—) V[x>R] 
40. The solid angle subtended by a hollow cylindrical shell with radius ‘R’ & length ‘L’ 


at any internal point lying on the longitudinal axis at a distance ‘x’ from the centre of 
one of the ends is given as 
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x (L — x) 
=e | eae eee ee 
Wie se IRE Ub = g0)F se IRA 


41. The solid angle subtended by a hollow cylindrical shell with radius *R’ & length *L’ 
at any external point lying on the longitudinal axis at a distance ‘x’ from the centre of 


G) | Vx € [0,L] 


front end is given as 
(L +x) x 
J(L+x)?+R2 vx2+R? 


42. The solid angle subtended by a hollow cylindrical shell with radius ‘R’ wae 
at the centre is given as 
L av 
w-=4 


nal 


W= 27 


| V[x=0] 


e Right Circular Cone: 


43. The solid angle subtended by a right cone with Ny ‘H’ & radius ‘R’ at the 


apex point is given as 


w = 2/1 


radius ‘R’ at any internal point [Yq he axis at a distance ‘x’ from the centre of 


base is given as \ 
wW +2] vosx<s 
TU —<—— 250% 
QD Vx? + R2 
45. The solid a AS d by a hollow right conical shell with normal height ‘H’ & 
As rma 


radius ‘R’ a 
. @ 
base is g \ 
R86 = 
\) Vx2 + R2 
GAs id angle subtended by a hollow right conical shell with normal height ‘H’ & 


dius ‘R’ at the apex point inside the shell is given as 


= = 
® 
44. The solid angle subtended by a — conical shell with normal height ‘H’ & 


I point lying on the axis at a distance ‘x’ from the centre of 





w = 2n|1— 


H 
w = 2n|1 + 
VH2 + R? 


47. The solid angle subtended by a hollow right conical shell with normal height ‘H’ & 
radius ‘R’ at the centre of mass is given as 


H 
w= 21 1 ——— 
VH2 + 9R4 
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e Right Pyramid: 

48. The solid angle subtended by a right pyramid with base as a regular polygon with 
‘n’ number of the sides each of length ‘a’, normal height ‘H’ & angle between 
consecutive lateral edges ‘a’, at any internal point lying on the axis at a distance ‘x’ 
from the centre of base is given as 


_ 
2ZHsin— TU TU 
@w = 2m — 2nsin~! |} ——————————- | = 2. — 2nssin“!| cos— |tan2—-— tan2 — 


a 
n n 2 
4H + a? cot? = 





Where, the relation between a, H, a & nis given as 


a a 1U : 21 
H=- |cot? — — cot? — v(neNn wee? 

2 2 n n 
(>. a regular polygon 


ght ‘H’, at any internal 






49. The solid angle subtended by a right pyramidal shell 
with ‘n’ number of the sides each of length ‘a’ & 


point lying on the axis at a distance ‘x’ from the SS f base is given as 


1 


@w=2nm+2nsin- VO<x<dH 





® 
50. The solid angle subtended by aright pyramidal shell with base as a regular polygon 
with ‘n’ number of the sid Xe of length ‘a’ & normal height °H’, at any external 






point lying on the axis afddiStaice ‘x’ from the centre of base is given as 


2xsin = 
— 2nsin~! ut 


TU 
‘ ns 4x* + a*cot? = 
SY btended by a right pyramid with base as a regular polygon with ‘n’ 


the sides each of length ‘a’, normal height ‘H’ & angle between 
tive lateral edges ‘a’ at apex point inside the shell is given as 






2Hsin— 
n 


4H? + a*cot? ~ 


52. The solid angle subtended by a regular tetrahedron at each of the vertices 
(externally), is 0.55 sr. 


il 


1 1 a 
w = 2m + 2nsin™ = 2n+2nsin + (cos = tan? a tan? ) 


2 


The solid angle subtended by a regular tetrahedron at each of the vertices (internally), 
is 6.83 sr. 
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53. The solid angle subtended by each of the octants of orthogonal planes at the origin 
point is 0.57 sr. 


e Right Prism: 

54. The solid angle subtended by a solid right prism with cross-section as a regular 
polygon with ‘n’ number of the sides each of length ‘a’ & length ‘L’, at any point 
lying on the longitudinal axis at a distance ‘x’ from the centre of front end is given as 


. W 
2xsin— 
n 


w = 2n — 2nsin * | —_ \ 
7a apes 
JAx + a®cot?— OY 
In this case, value of solid angle is independent of the length of setein 
55. The solid angle subtended by a hollow right prismatic afer ross-section as a 
regular polygon with ‘n’ number of the sides each of length ‘L’, at any 
internal point lying on the longitudinal axis at ad sta : 


of the ends is given as . N 
1 









from the centre of one 





2xsin— 2(L — x)sin= 
n n 


|x? + a*cot i 


56. The solid angle subten 


w = 2n\sin =! 


A(L—x)* + a? cot? = 


Vxe€El0,L] nEN&n=3 






aNhollow right prismatic shell with cross-section as a 


regular polygon ’ number of the sides each of length ‘a’ & length ‘L’, at any 
external point Lyi e longitudinal axis at a distance ‘x’ from the centre of front 
end is AN 






2(L + x)sin— 2xsin = 
— sin” | —_—-_ Vx>0 


A(L + x)? + a? cot? = JAx? + a? cot? = 


7. solid angle subtended by a hollow right prismatic shell with cross-section as a 
egular polygon with ‘n’ number of the sides each of length ‘a’ & length ‘L’ at the 
centre is given as 


_ 
Lsin— 
n 


| U 
2 2 Dye 
L+ + a‘cot 


Ww = 4nsin1 
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58. The solid angle subtended by a hollow right prismatic shell with cross-section as a 
regular polygon with ‘n’ number of the sides each of length ‘a’ & length ‘L’ at the 
centre of one of the open ends is given as 


2Lsin te 
n 


AL? + a? cot? = 


59. The solid angle subtended by a right pyramidal shell with one end open nother 
closed, cross-section as a regular polygon with ‘n’ number of the sides e 
‘a’ & length ‘L’, at any internal point lying on the longitudinal axis Nai ce °x’ 


from the centre of open end is given as ay. 


_ 1 
2xsin— 
n 


w = 2x + 2nsin7t | —_ [| Vv 0 Cd) Mewenes 
|x? + a?cot? = gS 


60. The solid angle subtended by a right on ith one end open & another 


Ww = 2nsin 1 





closed, cross-section as a regular polygon ber of the sides each of length 
‘a’ & length ‘L’ at any internal point lying onthe longitudinal axis at a distance ‘x’ 


from the centre of front end (open or chosed) Is given as 






® LTE 
2xSin — 
[Vv x>0] 


| Dt pay ae 

4x’ + a‘cot Fi 

e Torus, Ellipsoid (dpi 

61. The solid angl ae déd by a torus with inner & outer radii ‘r’ & ‘R’ respectively at 


e 
any point yaar ight ‘h’ on the vertical axis passing through centre is given as 
® 


R2 — r2 
\N 2 an( ae) VR2Er&R,r,heE[0,0) 


CR id angle subtended by a torus with inner & outer radii ‘r’ & ‘R’ respectively at 
the'c 


entre 1S given as 


@® = 2n— ~ 





= ~—) 
eae a etre 


63. The solid angle (w) subtended by an ellipsoid generated by rotating an ellipse 


) Z 
“3 i ne rad / Boe 1 about the major axis at any point lying on the major axis at a 


distance d from the centre is given as 
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(d? — a”) 
@w=2m|1- (d2 — a2) + b2 VdEa 


64. The solid angle (w) subtended by an ellipsoid generated by rotating an ellipse 


2 2 ; : 
a i Ae + y / has 1 about the minor axis at any point lying on the minor axis at a 


distance d from the centre is given as 


_o(,_ | @=% as \* 
@ = 410 (d2 _ b*) + az _ Y 
65. The solid angle (w) subtended by a paraboloid generated sen parabola 
C 


y* = 4ax about the axis at any point lying on the axis at a from the vertex 


is given as S 
g 
w= 2m\|1- Was 


d+a ve 
“* Solid State arrgemet of identical spheres): 
® 
66. The solid angle subtended by ron of the identical spheres each with a radius 
er 


, fi a complete circular fashion at a point lying on 
m the centre of reference plane is given as 








‘R’ arranged, touching one 
the vertical axis at a het 








1 
2 Day ya 
h* + R°cot* 7 


W.= 2 [VnEN&n=3] 


TT 
h2 + R2cosec2 


btended by ‘n’ number of the identical spheres each with a radius 
touching one another, in a complete circular fashion at the centre of 


1U 
w = Annsin® (—) [VnEN&n>=3] 


— solid angle subtended by the spheres forming a simple cubic cell at the centre is 
9.223888 sr. Each of the spheres subtends 1.152986 sr. 

69. The ratio of radius (r) of the largest sphere fully trapped in a simple cubic cell to the 
radius (R) of spheres forming the cell, is ue R = 0.732051 

70. The solid angle subtended by the largest sphere fully trapped in a simple cubic cell 
at the centre of each of the spheres forming the cell is 0.588778 sr. 

71. The solid angle subtended by the spheres forming a tetrahedral void at the centre is 
10.622346 sr. Each of the spheres subtends 2.655586 sr. 
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72. The ratio of radius (r) of the largest sphere fully trapped in a tetrahedral void to 
the radius (R) of spheres forming the void, is Hy R = 0.224745 

73. The solid angle subtended by the largest sphere fully trapped in a tetrahedral void 
at the centre of each of the spheres forming the void is 0.106694 sr. 

74. The solid angle subtended by the spheres forming a octahedral void at the centre is 
11.041814 sr. Each of the spheres subtends 1.840302 sr. 

75. The ratio of radius (r) of the largest sphere fully trapped in a octahedral void to the 
radius (R) of spheres forming the void, is "/p = 0.414213 

76. The solid angle subtended by the largest sphere fully trapped in an octahedkal void 
at the centre of each of the spheres forming the void is 0.275548 sr. ~\Y 


* About 15.47% of tetrahedral void & 12.13% of octahedral void ase to their 


outside (surrounding) space. Thus an octahedral void is more mat tetrahedral 


void. (Mr HC Rajpoot) YS 
“* Photometry/Radi 


77. The radiation (visible light or other E.M. “Oe y emitted by uniform point- 
ace 1 





source located at the centre of a spherica uniformly distributed over the 
entire the surface. 

78. The radiation (visible light or othe E.M, radiation) energy emitted by uniform 
linear-source coincident with the a®as o lindrical surface is uniformly distributed 
over the entire the surface. : 


79. The distribution of radiation energy, emitted by a uniform point-source, over a 





plane surface is no mo . Energy density at the foot of perpendicular drawn 


ne is maximum & decreases successively at the points 


from the point-so o th 
lying away from Se ymin 
80. The total I , emitted by a uniform point-source with luminous intensity I, 


in 
intercepted as with visible surface ‘S’, is given as 
® 
\ 7 
\\ F=Ixw=Ix | — 
‘ | 


S 


e solid angle subtended by the same object at the given point-source. 


Aes 
~Whe total radiation energy, emitted by a uniform point-source with luminosity L, 
intercepted by an object with visible surface ‘S’, 1s given as 


e-(Z)xo-(G) 


Where, ‘w’ is the solid angle subtended by the same object at the given point-source. 
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82. Density of luminous flux (or luminosity) emitted by a uniform point-source with 
intensity I, over a plane-surface (S) with a total area ‘A’ (assuming uniform 
distribution of intercepted flux over the entire plane), is given as 


=< Total flux (F) intercepted by the plane _TxX@_ 3) { dA 
ioe Area (A) ~ A MA) SO 


83. Lambert’s cosine formula: 


Density of luminous flux (or luminosity (E)) emitted by a uniform point-source withWatensity 
‘Tl’ over a plane-surface with area ‘A’ (assuming uniform distribution of CN 


the entire plane), is given Y 
Icos@ ay. 
E=— A 
Yr 
Where, ‘r’ is the distance of point-source from the centre of “eld 


‘0’ is the angle between normal to the plane & line joinin e to the centre. 
Limitation: The above formula is applicable for smalle urfaces and longer distances 
for minimum error involved in the results obtained. 


“* Space Scfence (Celestial Bodies): 


Ver 





@ 
84. The solid angle subtended by a Woes with a mean radius at any point in the 


space (assuming that the bo a perfect spherical shape) is given as 
Ge (Be 
ml — ————-| (V d=R) 
d 
85. The solid a nded by the Sun at the centre of the Earth is about 6.79 x 
10-° sr. 


86. eS: ubtended by the Earth at the centre of the Sun is about 5.71 x 






id ‘angle subtended by the Sun at the centre of the Earth is about 11891.42 
at subtended by the Earth at the centre of the Sun. 
e total radiation energy, emitted by the Sun, incident on the Earth is about 


1.75 x 1017 J/ sec & energy density over the intercepted surface of the Earth is 


about 686.43 a eee (Assuming no part of the radiation, emitted by the Sun, 


travelling to the Earth is absorbed or reflected). 
89. The solid angle subtended by the Moon at the centre of the Earth is about 6.41 x 
10° sr. 
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90. The solid angle subtended by the Earth at the centre of the Moon is about 8.63 x 
10°* sr. 

91. The solid angle subtended by the Earth at the centre of the Moon is about 13.45 times 
that subtended by the Moon at the centre of the Earth. 

92. The luminosity (L) of a star with a mean radius ‘R,’, effective temperature ‘T,’ 
(absolute) & emissivity ‘e’ is given as 


L = 4neoR,°T." 
Where, o = 5.67 X 10°? Wm 7K 4 


If the star is assumed as a perfect black body 1.e. e = | then we have OY 
L = 4no0R,°T.* av 
era 


3 given as 








Re 
B Te ) 
® 
94. The relation between lumi (Lh& brightness (B) of a star at a particular point 


lying at a distance ‘x’ frem t tre, is given as 


= L 
~~ 7 Amt x? 
95. Energy emit niform spherical-source with mean radius R,, luminosity ‘L’, 
effective ure ‘T,’ & emissivity ‘e’, intercepted by a spherical body with a 
. | a distance ‘d’ between their centres, is given as 





L d2 — R? aaa, Vd? — R2 
Ei = (5) | | BOI lhe | =< — 


If the spherical-source is assumed as a perfect black body 1.e. emissivity, e = 1 then we have 


t Vd? — R? ».a(, Vd? —R? 
E = (5) tS alti | 


96. Area of interception of a spherical body with a radius ‘R’ w.r.t. a given point lying at 
a distance d from the centre is given as 
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R 
A; = 20? (1-—) [Vd>R] 


97. If radiation energy, emitted by a uniform spherical-source with mean radius R,, 
effective temperature ‘T,’, emissivity ‘e’ & luminosity ‘L’, is uniformly distributed 
over the area of interception of a spherical body with a radius ‘R’ & lying at a 
distance d from the centre of the source then the Energy Density (E.D.) is given as 


) 


E.D.=(— (= ——) - eof! (Re) a 


Amt R? d—R R 





| 
1S 


Vd> +R 
me) | \ 
The above expression is applicable for uniform spherical-source like a a 


assumed as perfect black body, take e =1 in the above expression. ay. 
“* Analysis of ak 
1 


e Frustum of Sphere: 
98. A frustum, of the sphere with a radius ‘R’, has a si ircular-section then the radius 
(r) of circular-section, surface area (A) & volum 







e given as 


—h) V(O0<h<2R) 


2 
Volume, V AN 

Where, ‘h’ is the radial thuekness ofthe frustum. 

If the angle sn cular-section of the frustum at the centre of parent sphere 


with radius ‘R’ is 2 have 


Radius,r = Rsin@ 


\\ surface area,A = 2mR7(1 —cos@) & 
Rene 28 
Volume,V = Fa (cos38 —9cos6+8) |[V0<@6<T| 


99. A frustum, of the sphere with a radius ‘R’, has two parallel circular-sections with 
radii r, & rp subtending angles 0, & 8, respectively at the centre of parent sphere then 
radi (7, & r,) of circular-sections, surface area (A) & volume (V) of the frustum are 
given as 


Radii,r, = Rsin@, &r, = Rsind, 


Area of the surface, A = 2mR*(cos@, —cos@,) & 
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mR? 
Volume,V = a [9(cos0@, — cos@,) — (cos36, — cos36,)| 
V(0,<6, > 6,€[0,7) & 6, € (0,7] ) 


100. A frustum of the sphere with a radius ‘R’ has two parallel & identical circular- 
sections each subtending an angle 26 at the centre of parent sphere then radius ‘r’ of 
circular-sections, surface area (A) & volume of the frustum are given as 


Radius, r = Rsin@ 


Area of the surface, A = 4mR*cos@ & S 
mR? 
Volume,V = 79 (Geosé — cos36) lv 0<86@ “) 
e Frustum of Right Circular Cone: Y 
101. Major axis (2a), minor axis (2b) & ecce Kop an elliptical section, 
th C 


Eee 
generated by cutting a right cone with apex angle smooth plane inclined at 
an angle @ with the axis & at a normal “awe e apex point, are given as 


major axis,2a = 


®@ 
sina 
minor axis, 2 & 
in2@ — sin*a 
; \ cos@ TU TU 
eccent v= v(0<0<5 &0<a<5>6>a) 
COSA Z 2 


102. Angular ): Angle between axis of the right cone & line joining the 


centre of ellfpti tion (generated by cutting right cone obliquely with the axis) to 
the apex,poi is*given as 


SS 


Seine (P) of elliptical section 
a= es 5 
~ \ sin26 2 


peor 5 | 
a a ne ge 
Da! 














I 1 
; = tan }(tan*acoté) v(0<o<5 &0<a<> =6>a) 


CO 


Fp=1+)> 


n=1 


= 1+0.5C* + 0.375C* + 0.3125C° + 0.2734375C® + 0.24609375C'° 
+ 0.225585937C** + 0.209472656C** + .... 1. 0 





104. Volume (V) of oblique frustum with elliptical section 
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th? sin?@sin2acos*a SS 
Ba a ee By (ee 


(sin*@ — sin*a)? 3sin3@ 
Where 
— 1X3X5X wee (20- 3) x (2n-1)) 
Aen +) ns Nan ) rc | 
n=1 


= 1+ 3C* + 5.625C* + 8.75C® + 12.3046875C8 + 16.2421875C'° 





+ 20.52832031C?** + 25.13671875C14 4 ese eee ee 
105. Surface area (S) of oblique frustum with elliptical section 
th*secatana 
= ( sin*@ Jf 
Where ay. 
= ee es ~ 
e=1+) Jann} Ws 
—il 


.. 00 


= 141,502 + 1.87504 + 2.1875C° + Ne 8 4 2.:70703125C9 
14 
a 


+ 2.932617188C"? + 3.142 “~ 


106. Radius of the circular section, gen y cutting a right cone with apex 
angle 2a with a smooth plane normal@f6 the axts & at a normal distance ‘h’ from the 
® 


apex point, 1s given as 
® 1 
reer fveee®) 


e Krustum of Circular C : 


107. Major ron axis (2b) & eccentricity (e) of an elliptical section, 


a circular cylinder with a diameter ‘D’ with a smooth plane 


generated b t 
inclined,at Os 6 with the axis, are given as 
WN major axis, 2a = Dcosec@é 
S\ minor axis,2b=D & 
9 : 
GS eccentricity,e = cos@ V (0 <O< 7 ) 
«* Analysis of Miscellaneous Articles 


108. Vectors’ Cosine-formula: (Derived by the author of the book) 


If ‘a’ 1s the angle between two concurrent vectors and one of them, keeping other stationary, 
is rotated by an angle ‘6’ about the point of concurrency in a plane inclined at an angle ‘0’ 
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with the plane containing both the vectors in initial position then the angle (a’) between them 
in final position is given by the following expression 


=>a' = cos *(cosacosB + sinasinBcos@) V (0 < (a,@) <7) 
109. HCR’s Cosine-formula: 


If the angle a’ between two concurrent vectors in the shifted position is known then the angle 
0 between the plane of rotation & the plane containing the vectors in initial position is given 











as \ 
cosa’ — cosacosB \Y 
@=cos ! (| V(0 <(a@,0) <7) Y 
sinasinp 
110. Axiom of tetrahedron: If a, 6 & y are the angles bety consecutive lateral 
edges meeting at a vertex of a tetrahedron then the tetraheé ilP exist only and if 
only the sum of any two angles out of a, 6 & y is alwa an third one i.e. 
(a+B)>y, (Pty) >a& (aty)>B V +Bty)<2n 
111. Internal angles 0,,02 & 63, betwee e es respectively opposite to the 
angles a, &y between consecutive late ges meeting at a vertex of a 
tetrahedron, are given as ~ 
_, (cosa — cosBco ® _, (CosB — cosacosy 
0, = cos ( : : = cos (—— & 
sinBsiny. sinasiny 


> — = — 
sinasinp 


03 
2 docrtse The perpendicular, drawn from the point 
O 









112. Axiom 
of concurre e equal vectors to the plane of a triangle generated by joining 
the heads Il ‘the vectors, always passes through the circumscribed-centre of the 


is given as 


triangl \ 
113. ~S m of triangle: The distance between circumscribed & inscribed centres 
CS : 


— {or — RcosSOmin)* + (R +17 — RCOSO pin )* Cot? ( 





20 + “min 
2 


Where, R > radius of circumscribed circle 
r > radius of insscribed circle 
Onin > Smallest angle & 
0 > any of the angles except 6y;, ina given triangle 
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114. The distance, between the circumscribed & inscribed centres of an isosceles 
triangle having each of the equal angles 6, is given as 


Dey = lc — Rcos@)* + (R+r1r-— Rcosé)*cot2 (> *) if ( 0<(m- 20)) 


Dey = r + Rcos26 if (0 > (1 - 20)) 


115. Spiked/star-like regular-polygon: Regular-polygon obtained by thestraight 







lines joining each vertex to the end-points of its opposite side in a regular 
having odd no. of the sides is called a spiked regular-polygon or a 1 


polygon. ay. 


116. Spike angle (2q@) of spiked regular polygon is Ww 


7 


gon 
regular- 


2a = — 
117. Area (A) of a spiked regular polygon 1 & 


A= ————-——>—_ +1 >meN) 
4 (sin= + sin@) 


118. Radius of the circle pas S tips of all the spikes of a spiked regular 
polygon with ‘n’ number o NN & span ‘a’, is given as 


a 


R = -cosec — v(n=2m+1 >meN) 
2 n 
Right 7 Ao base as a regular polygon: Right pyramid with base as 


a pie Letbend ‘n’ number of the sides each of length ‘a’, angle between 





ON. edges ‘a’ & normal height ‘H’ 


Area of late ~ 
1 mam 1 a 
cS A gna 4H + a*cot? — aS qgna’cot, 


Area of regular polygonal base, 


b A 
9 
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Relation between the angle a (between consecutive lateral edges) & acute angle 6 (between 
any of lateral edges & axis of the right pyramid) 


cotB = sin— cot? — cot? — V (a < at & B< =) 
7 n 2 n Nn 2 


Relation between normal height ‘H’ & length ‘a’ of side of the base 


He Dy any 
2 2 n ‘ 


Volume of a right conical body with cross-section varying linearly wit YS height 
(length) is given as 


120. Analogy: 


1 
V= 3 (area of base)(normal hei 
121. Angle (a) between any two bonds in am Mv ing regular tetrahedral 
structure (like CH, molecule) is given as 


1 ‘ 
a =2cos"* & ~1 x ~ 109.47° 
® 


ZZ Angle between any aa g the centre of a tetrahedral void to the 
centres of spheres (formin AN is equal to 2 cos™! (1 / a ~ 109.47° 


Note: In some of the books, it 1 n equal to 109.28° which is very closer to the most 
correct value 109. <A Y 


“* HCR’s Theory of Polygon 


e Axiom 6f 


For a given he <a each of the polygons can be divided internally or externally or 
both (w.r we into a certain number of the elementary triangles all having a common 
vermex oot of perpendicular (F.O.P.) drawn from the given point to the plane of 
polygon, ey joining all the vertices of polygon to the F.O.P. by extended straight lines. 


1. Polygon is externally divided if the F.O.P. lies outside the boundary 
2. Polygon is divided internally or externally or both if the F.O.P. lies inside or on the 
boundary depending on the geometrical shape of polygon (i.e. angles & sides) 


(See the figures (1), (2), (3), (4), (5) & (6) below) 


e Axiom of Right Triangle 
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If the perpendicular, drawn from a given point in the space to the plane of a given triangle, 
passes through one of the vertices then the triangle can be divided internally or externally 
(w.r.t. F.O.P.) into two elementary right triangles having common vertex at the foot of 
perpendicular, by drawing a normal from the common vertex (i.e. F.O.P.) to the opposite side 
of given triangle. 


An acute angled triangle is internally divided w.r.t. F.O.P. (i.e. common vertex) 
A right angled triangle is internally divided w.r.t. F.O.P. (i.e. common vertex) 
An obtuse angled triangle is divided 

Internally if and only if the angle of common vertex (F.O.P.) is obtuse 


Externally if and only if the angle of common vertex (F.O.P.) is acute os 


ee ee Sa 





(As shown in the figures (1) & (2) below) 


hk 





P, (0,0.h) M C 
NS 
Fig 1: P,, Pp & P3 are different Fig 2: P,, P> & P3 are different locations 


e Graphical Method; (Fo nal-planes) 
This method is based on a oO axioms (proposed by the author) for analysis of polygonal 
planes. It is the sattle method for finding out the solid angle subtended by a 
polygonal plang a int in the space. This method overcomes all the limitations of 
Approximation sed for symmetrical planes. Although, it necessitates the drawing of 
a given poly ut it involves theoretically zero error. Still due to computational 
error SO ical error may be involved in the results obtained by this method. 


a 


G rhs od eliminates a lot of calculations in finding out the solid angle subtended by 
1 lane if the location of foot of perpendicular, drawn from a given point in the space, 


is known w.r.t. the given plane. 
e Working Steps: 


STEP 1: Trace/draw the diagram of a given polygon (plane) with known geometrical 
dimensions. 


STEP 2: Specify the location of foot of perpendicular drawn from a given point to the plane 
of polygon. 
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STEP 3: Join all the vertices of polygon to the foot of perpendicular by the extended straight 
lines. Thus the polygon is divided into a number of elementary triangles, all having a 
common vertex at the foot of perpendicular. 


STEP 4: Now, consider each elementary triangle & divide it into two sub-elementary right 
triangles to find the solid angle subtended by each elementary triangle. 


STEP 5: Solid angle subtended by each individual sub-elementary right triangle is 
determined using the standard formula of right triangle given as 


+o ea ee tm 


STEP 6: Now, solid angle, subtended by polygonal plane at the guyven point, will be the 
algebraic sum of solid angles of its individual sub-elementary right Oe iven 








Wo = WM, + W2 + W347 W4t+ Ws + XN 
Let’s us consider a polygonal plane (with vertices) 1234 ~) siven point say P(0,0,h) at 


a normal height h from the given plane (i.e. plane of we space. 


Now, specify the location of foot of preciso on the plane of polygon which 
may lie (P(0,0,h) shows point P lies ata Ce héight h from the plane of paper) 


l 

® 
Outside the boundary Ww 
Inside the boundary 
On the boundary \ 
On one of the sides or b. e*o! the vertices 
Let’s consider the abo & s one by one as follows 


1. F.0.P. outside meter 
® 
Let the foot of race lar ‘O”’ lie outside the boundary of polygon. Join all the vertices of 
3 


polygon rN o the foot of perpendicular “O’ by the extended straight lines 
(As sh e figure 3) 


This th lygon is divided into elementary 


ee ee gow 






triangles (obtained by the extension lines), all = | ~~~"-~- A Bae Say > 
having common vertex at the foot of ase aoe 
om ae Fee P(0.0,h) 


a 

“2 
“ # 
- # 


“= 


perpendicular ‘O’. Now the solid angle 
subtended by the polygonal plane at the 
given point ‘P’ in the space is given 


By Element-Method + 3 
Figure 3: F.O.P. lying outside the boundary 
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W123456 = W616 + Ws66r5r + W255) + Warazr2 + Waar re errs OO 
Where, 
We16r — Wer01 — Weo1 
Ws66r51 — Ws5106r — Y506W221551 — W205) — W2'05 
414212 = W4'o2 — W4021 
W3441 — W3041 — W304 


Thus, the value of solid angle subtended by the polygon at the given poin 


setting these values in the eq. (I) as follows ay. 
= 0423456 = (W601 — 601) + (Ws106 — W506) + (W205) — oO 
Further, each of the individual elementary triangles is easily Be ided into two sub- 


elementary right triangles for which the values of solid 








are determined by using 
standard formula of right triangle. 


2. F.O.P. inside the boundary: Ys 


Let the foot of perpendicular ‘O’ lie inside the boundary of polygon. Join all the vertices of 
polygon (plane) 123456 to the foot of perpendityla 50) by the extended straight lines 
® \ 


(As shown in the figure 4) 
Thus the polygon is divided 1 es triangles 


(obtained by the extensiog 






© 
By Element MgO 


W423456 OM? W203 + W395) F W554 + 
Wg, QO ee an ce 
woe 


Figure 4: F.O.P. lying inside the boundary 


Ws57154 — Ws'log — W504 


Thus, the value of solid angle subtended by the polygon at the given point is obtained by 
setting these values in the eq. (II) as follows 


=> W123456 = W102 + W293 + W305, + (Ws'94 — W504) + W504 
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Further, each of the individual elementary triangles is easily divided into two sub-elementary 
right triangles for which the values of solid angle are determined by using standard formula 
of right triangle. 


3. F.O.P. on the boundary: Further two cases are possible 
a. F.O.P. lying on one of the sides: 


Let the foot of perpendicular ‘O’ lie on one of the sides say ‘12’ of polygon. Join all the 
vertices of polygon (plane) 123456 to the foot of perpendicular ‘O’ by the straight limes 


(As shown in the figure 5) 


Thus the polygon is divided into elementary triangles 
(obtained by the straight lines), all having common 
vertex at the foot of perpendicular ‘O’. Now the solid 






0h) ho 
angle subtended by the polygonal plane at the given Fasc 5 


point ‘P’ in the space is given By Element-Method 2 


W123456 = W106 + Weos + W504 F W403 4 
SiG soe panei nes eed (LTD) Figure 5: F.O.P. lying on one of the sides 


Further, each of the individual elementary tridagles ig easily divided into two sub-elementary 
right triangles for which the values of golf@ angte*are determined by using formula of right 
triangle. 


b. F.O.P. lying at one of the v 





Let the foot of perpendi le of one of the vertices say 
‘5’ of polygon. Join ttices of polygon (plane) 
123456 to the foot icular (1.e. common vertex °5’) 


by the straight 0 
(As shown in <n 
Thus SN is divided into elementary triangles 





Figure 6: F,O.P. lying at one of the vertices 
(obfained by the straight lines), all having common vertex at the foot of perpendicular ‘5’. 
Now the solid angle subtended by the polygonal plane at the given point ‘P’ in the space is 
given 


By Element-Method 


W123456 — W152 ap W253 =r W354 =P W156 Prcieoraialer eter eiatentarerairrclareieter ng UV) 
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Further, each of the individual elementary triangles 1s easily divided into two sub-elementary 
right triangles for which the values of solid angle are determined by using standard formula 
of right triangle. 


® Comparison of Approximation Method & Graphical Method 


Approximation Method Graphical Method 


1. It is applicable only for symmetrical plane- | |. It 1s applicable only for polygonal plane- 
figures. figures. 


2. It is not useful for finding the precise/exact | 2. It gives theoretical zero exfOq inthe values if 
Ma e Correctly. 


value of solid angle i.e. a certain error is a oa) 
ct 


included in the results. 

3. It necessitates ation of foot 
3. It depends on the geometrical shape of | perpendicular (F. drawn from given point 
symmetrical plane & its configuration (factor | to the plane easy to specify. 


of circularity). 
4. It neéesSitates“drawing since mathematical 


4. It requires mere mathematical calculations | calculation easy to find all the dimensions 
which are easier aS compared to that of mentary planes. 
graphical method. 





® 
Illustrative SS ’s Theory of Polygon 


y a pentagonal plane ABCDE having sides AB = 6cm, BC = 







total luminous flux intercepted the plane ABCDE if a 


uniform point-source oA] 4 is T6Cated at the point ‘P’ 


Sol: Draw the pefitag E with known values of the 


sides & angles pecl location of given point P by 
P(0,0,6) perpendicular twards to the plane of paper & 


F.O.P. ‘O’ in the figure 7) 






agon ABCDE into elementary triangles 
AOE D, AODE & AOEA by joining all the vertices of 
pentagofABCDE to the F.O.P. ‘O’. Further divide each of the 
triangles AOBC, AOCD, AODE & AOEA in two right triangles 
simply by drawing a perpendicular to the opposite side in the 
respective triangle. (See the diagram) 


It is clear from the diagram, the solid angle subtended by 
pentagonal plane ABCDE at the point ‘P’ is given by Element 
Method as follows 





Fig 7: Point P is lying perpendicularly outwards to 
the plane of paper. All the dimensions are in cm. 
WaBCDE = Yaosc + Waocp + WaodE + Wagga ve UJ) 
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From the diagram, it’s obvious that the solid angle Wapcp-z subtended by the pentagon ABCDE is expressed as 
the algebraic sum of solid angles of sub-elementary right triangles only as follows 


Waospc = ®aors +t WMaorc Maocpd = Waocd ~ “aocc 
WaoDE = WrsouD + MaoHE WAOEA = WaojE ~ MAJA 


Now, setting the values in eq(I), we get 


WapcpE = (Maors + Waorc) + (Waogp — Waocc) + (@aonp + ®aone) + (@nogs = WOnana) tee ee ie) 


Now, measure the necessary dimensions & set them into standard formula-1 to find out above values of solid 
angle subtended by the sub-elementary right triangles at the given point ‘P’ as follows 





ee eee ae eee | ee eee ie 
= LLINg ya) = S10 | _ ( =a) (PO)? + 


0.35 | i ( 0.35 6 ) 
= Sin ———— ee ae SFI ee 
(0.35)? + (1.95)? (0.35)? + (1.95) 6) ME (1.95)? 


= 0.177596167 — 0.168814218 = 0.008781949 sr S 


eee ee CON (eer peer ena weae 
re eee a ( al 







xe, 5.35 re 6 
a a Nee 


= 1.221275136 — 1.1051498¢2 


DG 


= Warogp = Sin (DG)? + G ea ( (DG)? at ==<)( (PO)? ar =a) 






ca a i uc ( aaa) as) 


0.803382922 = 0.332446454 sr 


er | DY 
fae lees + = (PO)2 + aa 





CG)2 + (0G)2 


1 3.25 a ( 3.25 )( 6 )t 
sin ———_— ey eS TY er SSS 
( QS /(.25)2 + (4.6)? (3.25)? + (4.6)2/ \./(6)2 + (4.6)2 


= 0.615089573 — 0.475672072 = 0.139417501 sr 
| DH | DH PO 
,/ (DH)? + (OH)? ,/ (DH)* + (OH )*/ \,/ (PO)2 + (OH)? 


“Temas ©" exam) Tea) 
= SIN — + — SIN _——— —— 
(G70) (3.7)2 + (10.25)2 (6)* + (10.25)? 


= 0.346418989 — 0.172376751 = 0.174042238 sr 
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| EH — EH PO 
Teta = i — or (- (EH)? + aa = 7 al 


“laa cas eae) Tara) 
= —————— ID SS, 
(1.8)? + (10.25)2 (1.8)? + (10.25)2 (6)? + (10.25)? 


= 0.173837242 — 0.087488889 = 0.086348353 sr 


es EJ Sele ( EJ )( PO ) 
=> WwW = a ere es | | ee ee 
a al ns ATER? + One \P0)? + CON? 


A ccunaliil sndiaaaae 
= SIN —————— ee eee 1 | a 
(9.8)2 + (3.45) (9.8)2 + (3.45) (6)* + (3.4 
= 1.232304566 — 0.957430258 = 0.274874308 sr \Y 
= aay = si EY — sin) ) 
= sin — SS SF —————————— 
ee (AJ)? + (OJ) (AJ)? + (OJ) S 2 


- 2 = 
eras Wemsacn ay ( 


= 0.525366873 — 0.449793847 = 0.0755 6 








Hence, by setting the corresponding values in eq(II), s@lid angle stbtended by the pentagonal plane at the given 
point ‘P’ is calculated as follows ® 


WaBcvDE = (Maorz + Wyorc) + (@aocGp ee) + (Waoup + Mone) + (Waoje 7 Wena) 


= (0.008781949 + 0.116125264) + ( Sesoads — 0.139417501) + (0.174042238 + 0.086348353) 
+ (0.274874308 Ay 3026) = 0.777628039 sr 


Calculation of Luminous Flu <a) iform point-source of 1400 Im is located at the given point ‘P’ then the 
total luminous flux intercepted‘byth¢ pentagonal plane ABCDE 


solid angle x tot tted by source’ 0.777628039 x 1400 
= = ——______—————-_ = 86. 63434241 lm (Lumen) 


Tl AT 
It means that fe 41 Im out of 1400 Im flux is striking the pentagonal plane ABCDE & rest of 


the flux is ‘SN o the surrounding space. This result can be experimentally verified. (H.C. Rajpoot) 


Exam : Let’s find out solid angle subtended by a quadrilateral plane ABCD having sides AB = 8cm, BC = 
9cm, CD = 6cm, AD = 4cm & —<BAD = 70° at a point ‘P’ lying at a normal height 4cm from a point ‘O’ 
outside the quadrilateral ABCD such that OB = 88cm &OC = 4.2cm & calculate the total luminous flux 
intercepted by the plane ABCD if a uniform point-source of 1400 Im is located at the point ‘P’ 
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Sol: Draw the quadrilateral ABCD with known 
values of the sides & angle & specify the location of 
given point P by P(0,0,4) perpendicularly outwards 
to the plane of paper & F.O.P. ‘O’ (See the figure 8) 


Divide quadrilateral ABCD into elementary triangles 
AOAB,AODA & AOCD by joining all the vertices of 
quadrilateral ABCD to the F.O.P. ‘O’. Further divide 
each of the triangles AOAB, AODA & AOCD in two 
right triangles simply by drawing perpendiculars OE, 
OG & OF to the opposite sides AB, AD & CD in the 
respective triangles. (See the diagram) 


It is clear from the diagram, the solid angle subtended 
by quadrilateral plane ABCD at the given point ‘P’ is 
given by Element Method as follows 


Area of quadrilateral ABCD = 
algebraic sum of areas of elementary triangles 





Fig 8: Point P is lying perpendicularly outwards to the 
plane of paper. All the dimensions are in cm. 


Now, replacing areas by corresponding values of solid angle, 


wi 
*“ Aapcp = (Agoas — Anoxe) + (Anopa —A NX OCD — Anocy) 
we 


Wapcp = (WaoaB — ®aoxs) + (@Onana AO z) TY Warocd — Wogen) 
( & 
Now, draw a perpendicular OH from F.O.P. to the Side B ivide AOKB, AOJK & AOC] into right triangles & 


express the above values of solid angle as the alg@bfai 
as follows 


WAQAB — WAOEA — SAOEB 
WAOKB — WAOHB — YOA@bbE 


e get 


U% of solid angles subtended by the right triangles only 


\ = WhrocdA — WAOGD 


OJK — WaoHK — WaoH] 


WaocD — WAOFD — WAOFC 
Waocy = ®rouc + WMaous 


Now, setting the above NS 
Wasco = (WaozA — A AB + WpouK) + (Waoca — Waocp ~ ®rvouK T Waon;) ar (Cres — Waorc — 


WAOQHC — Ongraq) . 


WABCD — WK 


Now, mea 
“CS 


AE 
=SVWivinern = Si Se = a — sin? ( 


= 9.4 oo 
7 Cae aii ( 


NO + Waorp — WaoeB ~— WaouB —~ Waocgpd —~ Waorc ~ “AoHC Sricecsn en Cll) 


négessary dimensions & set them into standard formula-1 to find out above values of solid 
the sub-elementary right triangles at the given point ‘P’ as follows 


AE PO 
J (AE)2 + a _ + madi 


9.4 4 
VJ (9.4)2 + — a + a 


= 0.871887063 — 0.353107934 = 0.518779129 sr 


AG 
=> WAOGA = sin? a oe 7 | — sin“+ ( 


AG PO 
J (AG)? + — a +r a 
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a 10.5 er 10.5 4 
ia fe 7 = = lee in =) a 7 =)| 


= 1.051650213 — 0.502496173 = 0.54915404 sr 
2 eanen = 80 | - 80 ree) EERE) 
= sin —————————————_— ey ———— a 
ee (ine emer (DF)2 + (OF)2/ \./(PO)? + (OF 2 
a a ee 
= sin a ponte. | 9 | —— —— er 
CRILE RENAL (8.1)2 + (3.65)2/ \./(4)2 + (3.65) 


= 1.147429185 — 0.738889475 = 0.408539709 sr \ 
. | BE | a, ( BE PO 


¥ (BE)* + (OE)?  (BE)* + (OE)? (PO)S+ (OE)? 








renee 1.4 a — 1.4 
= Sin ———— ee OL ——— 
J (1.4)2 + (7.9)2 = J (1.4)2 + (7.9)2 = 


= 0.17539422 — 0.078906232 = 0.096487988 
| a BH PO ) 
=> WroHB — sin — eee 
J (BH)? + (OH)? + rie , (PO)? + (OH)? 
IRAN 4. 
= SC eerie 


J7D? + G8) = we armel Gus) = Tae} <a 
— 1.079378081 — 0.69346571 Ndr sr 
= expan = 8" | estos le ee 
= sin ———————————— ee ee 
Be (DG)Z + ( (DG)? + (0G)2/) \./(PO)2 + (OGY 








Js Gesaxoe) Goszoo 


=% a — 0.419819479 = 0.405557371 sr 
CF 


— CF PO 
J (CF)? + al os (Cae: + a) Go: + a 





OQ in7 4 ae ee | ee a 
SC _ apc i ( aaa | aaa) 


= 0.522091613 — 0.37726383 = 0.144827783 sr 


wont GH) en i ONO 
rem CR ae ( ara) el 


a1 Deena — sin i — == 
rae: Toa - ( al! aurea} 


= 0.463647609 — 0.330197223 = 0.133450386 sr 
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Hence, by setting the corresponding values in eq(II), solid angle subtended by the pentagonal plane at the given 
point ‘P’ is calculated as follows 


WascpD = Wxoea + Waoca + Maorp ~— WOaoeB ~ MaonB — “aocgpd ~ Oaorc ~ CAoHC 


= 0.518779129 + 0.54915404 + 0.408539709 — 0.096487988 — 0.385912371 — 0.405557371 
— 0.144827783 — 0.133450386 = 0.310236979 sr 


Calculation of Luminous Flux: If a uniform point-source of 1400 Im is located at the given point ‘P’ then the 
total luminous flux intercepted by the quadrilateral plane ABCD 


solid angle x total flux emitted by source 0.310236979 x 1400 
a ae a ees 34.56302412 ( n) 





It means that only 34.56302412 lm out of 1400 Im flux is striking the quadrilateral p D& rest of 
the flux is escaping to the surrounding space. This result can be experimentally verified. . Rajpoot) 







Thus, all the mathematical results obtained above can be verified by the experimae 
had not been any unifying principle to be applied on any polygonal plane for an 


point in the space. The symbols & names used above are arbitrary given by 


S 


ith that it will help to the learners to 


talcesults” Although, there 
ion & location of the 
H.C. Rajpoot. 





Note: This hand book has been written by the author 1 
memorise the formulae from the book “Advanced Geome e derivations & detailed explanation 


have been given in the book. 
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